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TITLE 

[0001 ] METAL SYSTEM FOR DIRECT DIE ATTACHMENT 

FIELD OF THE INVENTION 

[0002] This invention generally relates to a system for mounting semiconductor 

5 dies on a circuit board. 

BACKGROUND OF THE INVENTION 

[0003] A typical surface mountable semiconductor components consists of a 

semiconductor die attached to a lead frame, wire bonded, and encapsulated into a plastic 
package with exposed leads. Soldering the leads to the printed circuit board provides 

1 0 mechanical, thermal, and electrical connections to the semiconductor die. 

[0004] Figure 1 shows a typical wire bonded die. Wire bonds add parasitic 

inductance and series resistance to the electronic component/circuit. The added 
inductance and resistance is undesirable for many devices, including high frequency 
devices, high speed devices, and low on-resistance power semiconductor devices. The 

1 5 lead frame provides the primary thermal conduction path for the die. The length of the 
thermal path to the printed circuit board and lead frame design and composition limits the 
thermal performance of a package. 

[0005] Wire bonds and lead frames can be eliminated using flip chip wafer 

bumping packaging. Examples of two available flip chip processes are shown in Figure 
20 2. Additional processing is performed to the top surface of the semiconductor die 2 10 to 
attach a solder ball 220 or build a raised conductive region which may be made of silicon 
or a metallic material such as copper, nickel or other metal or alloy, with a top coating of 
solder. The processing creates a conductive region 260 that allows solder ball 220 or 
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another conductive region to electrically contact silicon die 210. This allows the device 
to be attached to the printed circuit board. A disadvantage of the solder ball approach is 
the limited contact area of the ball to the die surface and printed circuit board. This 
reduces both the thermal and electrical conduction areas increasing both the thermal and 
5 electrical resistance. The thermal and electrical paths are long, approximately the 

diameter of the solder ball. The limited contact area of the ball also results in the limited 
mechanical strength of the bond between the die and printed circuit board. 
[0006] The copper pedestal bump using pillar 230 is an improvement over the 

solder ball. Current and heat flows through copper which is significantly more thermally 
10 and electrically conductive than solder. The standard height of pillar 230 (approx. 
lOOum) adds to both the thermal and electrical resistance. Both bumping processes 
involve multiple processing steps and require specialized equipment which adds cost. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The figures below depict various aspects and features of the present 

1 5 invention in accordance with the teachings herein. 
DESCRIPTION OF THE INVENTION 

[0008] The aspects, features and advantages of the present invention will become 

better understood with regard to the following description with reference to the 
accompanying drawings. What follows are preferred embodiments of the present 
20 invention. It should be apparent to those skilled in the art that the foregoing is illustrative 
only and not limiting, having been presented by way of example only. All the features 
disclosed in this description may be replaced by alternative features serving the same 
purpose, and equivalents or similar purpose, unless expressly stated otherwise. Therefore, 
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numerous other embodiments of the modifications thereof are contemplated as falling 
within the scope of the present invention as defined herein and equivalents thereto. Use 
of absolute terms, such as "will not," "will," "shall," "shall not," "must," and "must not," 
are not meant to limit the present invention as the embodiments disclosed herein are 
5 merely exemplary. 

[0009] The present invention is applicable to all types of semiconductor die, such 

as integrated circuits, discrete semiconductor devices, sensors, micro-machined 
structures, etc. ~ one aspect of the present invention disclosed here is shown in Figure 3. 
[0010] In particular, solderable metal contact regions 3 1 0 are formed directly 

1 0 onto the top metal surface 320 of die 300. The solderable metal regions 3 1 0 allows die 
300 to be directly soldered onto a printed circuit board. Advantages of this system is that 
. it requires only the deposition and patterning of thin metal film layers on the order of 
lum thick onto solderable metal regions 310. Examples of solderable films are TiCu, 
TiNiAg, or AlNiVCu. These films can be used alone or covered with a top layer of 

1 5 solder. The solder layer will help to prevent oxidation of the exposed metal and may 
simplify mounting to the printed circuit board. 

[001 1] An illustration of a die mounted onto the printed circuit board is shown in 

Figure 4. In particular, the die with a solderable metal system can be mounted to the 
printed circuit board 430 using conventional surface mount techniques. A thin layer of 
20 solder paste 410 can be deposited with a stencil onto the printed circuit board 430. The 
die 300 is then placed into the proper location and lowered until it is in contact with paste 
410. The printed circuit board 430 assembly is then heated to approximately 200C until 
the solder reflows. The solderable metal patterns on the die are then directly soldered to 
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the copper printed circuit board traces 420 thereby forming a mechanical, electrical, and 
thermal connection. 

[0012] If the optional solder layer is added to the solderable metal system, it is 

not necessary to apply the solder paste 410. The solder on the die, once reflowed, will 
5 be sufficient to attach the die to the printed circuit board, further simplifying the 

assembly process. 

[0013] Advantages of this invention are summarized as follows: 

o Simplicity of the packaging 
o Ease of manufacturing 
10 o Simplicity of moimting device to the printed circuit board 

o Enhanced thermal performance of the package. 

o Very short thermal path from the semiconductor die to the printed circuit 
board. 

o Contact areas can be maximized to increase area of thermal path 
1 5 o thereby reducing the thermal resistance 

o Very low electrical resistance from die surface to the printed circuit board. 

o Short current path from die to printed circuit board. 

o Contact areas can be increase to ftirther minimize the series resistance. 

o No wire bond or lead frame inductance and resistance. 
20 CONCLUSION 

[0014] Having now described preferred embodiments of the invention, it should 

be apparent to those skilled in the art that the foregoing is illustrative only and not 
limiting, having been presented by way of example only. All the features disclosed in 



this specification (including any accompanying claims, abstract, and drawings) may be 
replaced by alternative features serving the same purpose, and equivalents or similar 
purpose, unless expressly stated otherwise. Therefore, numerous other embodiments of 
the modifications thereof are contemplated as falling within the scope of the present 
5 invention as defined by the appended claims and equivalents thereto. 
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